Clinical Endpoint Classification (CEC) is a standardized process for event adjudication in clinical trials. Central adjudication plays a key role in clinical trials with the purpose of achieving consistent, accurate, independent, unbiased, and blinded evaluation of suspected clinical events reported by investigators, but its value has been debated.
1,2 Previous studies have confirmed that the rate of myocardial infarction (MI) assessed by standardized adjudication or by investigator-reported results differed significantly. 3 Different ways of identifying events, for example, using triggered events or screening of laboratory data such as troponins or electrocardiogram (ECG) for MI, could possibly increase the number of MI 4 or bleedings. 5 However, different types of MI, such as procedure-related MI (MI type 4a), may have different prognosis compared with spontaneous MI. 6 In addition, studies have not been consistent in their definitions of end points, and there is a great need for standardization of end point definitions. 7 A suggestion for these has been presented in a collaborative effort between the Food and Drug Administration and an expert panel, 8 and the final framework was recently published. 9 Different end points are more or less complex to classify because information is derived from multiple sources and classification often requires a great deal of clinical judgment. The quality of the source documentation such as the amount of information around each event is of utmost importance for accurate decision making by the CEC group. The rate and degree of discrepancy are generally good but differ depending on the type of end point and its subcategories. Structured evaluations of the CEC process and outcomes have not been extensively performed in different populations, and there is a need for more knowledge in this area of clinical research.
In the prospective randomized global STABILITY trial 10 (clinicaltrials.gov NCT00799903) on 15,828 patients with stable coronary heart disease (CHD), darapladib did not reduce the primary composite outcome MACE (major adverse CV events; cardiovascular [CV] death, MI, or stroke) compared with placebo. The main results have been presented elsewhere. 10 The main aims of this report were to (1) evaluate the proportion of investigator-reported CV events that were subsequently classified as same event by the CEC, (2) determine if there would be significant differences in treatment effect if analyses were run using investigatorreported events instead of CEC-adjudicated events, and (3) evaluate if concordance varied by region or size of sites.
Methods

Study design
The STABILITY trial was funded by GlaxoSmithKline. The study design has been previously presented. 11 The study was approved by national regulatory authorities and by local ethics committees or institutional review boards, according to local regulations, and all patients gave informed consent. Patients with stable CHD, defined as prior MI, prior coronary revascularization, or multivessel CHD confirmed by coronary angiography, were eligible. In addition, patients had to meet at least one of the following CV risk criteria: age ≥60 years, diabetes mellitus requiring pharmacotherapy, high-density lipoprotein cholesterol b1.03 mmol/L, current or previous smoker defined as ≥5 cigarettes per day on average, significant renal dysfunction (estimated glomerular filtration rate ≥30 and b60 mL/min per 1.73 m 2 or urine albumin/creatinine ratio ≥30 mg albumin/g creatinine), or polyvascular disease (CHD and cerebrovascular disease or CHD and peripheral arterial disease).
The CEC organization was led by the CEC chair at UCR in close collaboration with the CEC Coordinator whose responsibility was to lead the day-to-day activities during the trial. Reviewers had to be specialists in the clinically relevant areas cardiology or neurology, and all underwent mandatory study-specific training on event definitions and the adjudication process. The following event categories were adjudicated in the study: (1) cause of death, (2) MI, (3) stroke, (4) urgent coronary revascularization for myocardial ischemia, (5) hospitalization for unstable angina (UA), and (6) heart failure (HF) requiring hospitalization. We do not report concordance for revascularization as investigators reported all coronary revascularizations but CEC determined only whether it was urgent or not. The clinical event definitions have been described in detail previously, as a Supplement to the main STABILITY results publication. 10 Investigators were instructed to report all events with the potential to be adjudicated as one of the predefined study end points, regardless of the opinion of the investigator. The sponsor monitors encouraged submission of all possible end points according to a standardized process described in the site manual. If a suspected unreported event was identified by a reviewer, the reviewer was instructed to make a note back to the end point office. A query was then sent to the site asking if the investigator agreed, and a new event package was created and sent out for review according to the standard procedure. We did not use any data triggering system (ie, laboratories or ECG) to identify unreported events. Relevant prespecified source documents were collected by the CEC Office and translated to English if necessary. Each event was distributed via an electronic system and reviewed independently by 2 reviewers according to a prespecified process and detailed end point definitions described in the CEC charter. In case of disagreements in event categories or subcategories, phase II committee meetings were arranged where a consensus decision was taken. A continuous quality control process consisting of de novo adjudication of 5% of all events throughout the study period was used to evaluate consistency.
Statistics
The present analysis considered events collected from randomization through to the last follow-up for CV end point collection. To evaluate agreement between investigatorreported and CEC-adjudicated events, events were grouped into 4 categories: death, MI or hospitalization for UA, hospitalization for HF, and stroke or TIA. For each event category, a 2-way contingency table was created to classify all events in that category according to their investigator and CEC classification. For each event type, the number and proportion of investigator-reported events that were classified by the CEC as the same event type are reported.
To explore whether agreement rates differed by region, by size of site, or by randomized treatment group, we stratified investigator-reported events by each of these factors and used a χ 2 test to evaluate whether proportion of investigator-reported events classified as the same event by the CEC differed by levels of each factor. Five regions were defined: North America, South America, Eastern Europe, South Africa/Asia Pacific, and Western Europe/New Zealand/Australia. Sites were divided into 4 groups based on the quartiles of the distribution of total number of patients enrolled per site: ≤10, 11 to 18, 19 to 20, and ≥30 patients.
Kaplan-Meier curves were generated stratified by randomized treatment group to display the cumulative proportion of subjects experiencing a MACE (composite of CV death, MI, and stroke). To evaluate whether the treatment effect estimate would differ based on investigator-reported events compared with CEC-adjudicated events, we graphed KaplanMeier curves stratified by treatment group using the first investigator-reported MACE event and the first CECadjudicated MACE event. Cox proportional hazards regression was used to estimate the treatment effect for the primary and secondary CV end points, based on the first investigator-reported event and the first CEC-adjudicated event. Hazard ratios (darapladib vs placebo), 95% CIs, and P values are reported for each analysis.
For investigator-reported MI, stroke, hospitalization for HF, and hospitalization for UA events, we determined the proportion of patients in whom the event was followed by mortality within 30 days. We used a χ 2 test to evaluate whether the proportion with 30-day mortality differed based on whether the event was adjudicated by CEC as the same event or not.
Statistical significance was determined at the nominal 2-sided .05 level, with no adjustment for multiple comparisons. Calculations were performed using SAS v 9.4 (SAS Institute, Cary, NC).
Results
Overall, 7,096 events were adjudicated by the CEC. Of these, 2,086 primary outcome events (CV death, MI, or stroke) were reported by investigators during a median follow-up of 3.7 years. There were 696 CV deaths, 368 non-CV deaths, and 958 MIs, of which 147 were fatal. In total, 433 strokes, 1,407 UA events and 967 HF events were reported by the investigators. The distribution of different types of investigator-reported end points and their disposition according to the CEC are listed in Table I . In total, 71.8% were confirmed by the CEC committee, whereas 3.1% were adjudicated as a different event and 25.1% as a nonevent according to the study-specific definitions. High concordance (N80%) was found for cause of death and nonfatal MI, whereas concordance was lower for hospitalization for UA (25%) and HF (50%) ( Table I) .
For the primary outcome, investigators reported 2,086 events, of which 82.5% were adjudicated as MACE. An additional 234 events (205 events reported by investigators but not classified by investigators as MACE, plus 29 additional events not reported by investigators but discovered during the CEC adjudication process) were adjudicated as MACE. The agreement between CEC and the investigators for the cause of death (CV vs non-CV) was 91.2%, with only a few CV deaths (2.7%) reported by investigator and adjudicated by CEC as non-CV death and 6.1% vice versa (Table IIa) .
In total, 2395 events were considered for MI or hospitalization for UA (Table IIb) . For these types of events, the total agreement between investigator and CEC was 46.3%. Of the 958 MI events reported by investigators, 78.2% were classified as MI by the CEC, whereas only 25.4% of the 1,407 hospitalization for UA events were classified as such by the CEC (Table I) . For many of the disagreements, there was a bidirectional crossover between MI and UA (Table IIb) . In 120 cases, the CEC process identified an MI, which had been reported as UA, and in 25 events, a suspected MI was reported by the investigators but was defined as UA by the CEC committee. There were 29 MI cases identified by the CEC that were not reported by the investigators as either MI or UA. This occurred either by review of laboratory reports and/or ECG findings or by identification by CEC staff reviewing the event information. The concordance between the investigators and CEC was also low for HF events, where about half of the reported events were refuted by the CEC (Table IIc) . In total, 615 events were reported by investigators as either stroke or TIA (Table IId) . The agreement rate between investigators and CEC was 64.9%, with a small number of events reclassified by the CEC from TIA to stroke (n = 20) and from stroke to TIA (n = 26). About 30% of the reported stroke events were adjudicated as no stroke/TIA event or as TIA.
Treatment effect
There were no significant differences between randomized treatment groups in the proportion of investigator events that were reported as the same event by the CEC (Table III ). An analysis of whether the treatment effect of darapladib versus placebo was different using investigatorreported events or CEC-adjudicated events showed that overall results on the primary outcome did not differ (hazard ratio 0.96 [95% CI 0.87-1.06, P = .38] for investigatorreported versus hazard ratio 0.94 [95% CI 0.85-1.03, P = .20] for CEC-adjudicated) (see Figure 1) . Similar findings were observed for all the separate end points CV death, MI, stroke, total coronary events, and hospitalization for HF. The Kaplan-Meier curves for the different groups are presented in Figure 2 for MACE, also showing similar findings based on investigator-reported or CEC-adjudicated first event.
Subgroup analyses of concordance by region or size of site
In subgroup analyses, we analyzed the concordance between site-reported and CEC-adjudicated events by region. For MI, stroke, and hospitalization for UA, there was significant between-region variation in the proportion of investigator-reported events that were adjudicated as the same event by the CEC. For MI, Australia/New Zealand/ Western Europe had the highest proportion adjudicated as the same event (84%) and South America had the lowest (61%). For stroke, South Africa/Asia Pacific had the lowest proportion adjudicated as the same event (57%) compared with 68% to 77% in other regions. For hospitalization for UA, North America had the highest proportion adjudicated as the same event (33%) compared with 20% to 22% in other regions (Table IV) . Other event categories did not differ in concordance by region. Figure 1
Comparison of hazard ratios for darapladib versus placebo for CEC-adjudicated and investigator-reported events. TCE, total coronary events; CRP, coronary revascularization procedure.
We also divided sites based on quartiles of the number of patients/site to evaluate if there was a variation in concordance by size of site. For stroke events, we found marginal statistical significance of differences by site size but no obvious trends (Table V) . For the other event categories, we found no significant variation in the proportion of investigator-reported events that were adjudicated as the same event by the CEC. 
Discussion
In summary, the overall treatment effects on the primary composite outcome and on the individual components CV death, MI, or stroke, as well as total coronary events, were consistent regardless of whether the events were investigator reported or CEC adjudicated. There were, however, major differences in the reporting of individual events with large variability depending on the event categories. The concordance between the CEC and the investigators was highest for cause of death and nonfatal MI event categories. A lower concordance with greater heterogeneity occurred for UA and for HF events. The reasons for this might be a greater variability and complexity of the end point definitions with requirements of detailed symptom descriptions leading to a somewhat higher degree of subjectivity in the adjudication.
It should be noted that this study was performed before the agreement on and publication of the 2014 AHA/ACC Key data elements on standardized definitions for cardiovascular endpoints in Clinical trials, 8 which most likely have improved the accuracy and slightly reduced the variability in event reporting.
The high concordance for cause of death was expected with rather few events changed between CV and non-CV death or vice versa during adjudication. There was a rather low concordance rate between investigators and CEC for MI versus UA. For the end point MI, the Third Universal definitions 12 were used. For UA, a requirement of symptoms of angina at rest N10 minutes was a basic criterium, and thus, many reported events were refuted when this symptom could not be confirmed. The information on symptom duration was often contradictory when comparing source documents with eCRF data. The low concordance for HF, where half of the reported events were refuted, is likely due to the strict definition in the CEC charter, which was mainly oriented toward identifying left-sided HF. Importantly, the investigators were instructed to report all suspected events, but signs of right-sided HF such as edema and jugular vein distension were not included in the definitions, and these events were therefore often refuted.
The relatively high rates of refuted events may have several explanations, but we do not always have explicit answers. In many cases, the event was refuted because it did not fulfill the end point criteria. It is, however, critical to understand the investigator instructions in the site manual regarding reporting of events when interpreting our results. Thus, events reported by investigators do not necessarily reflect the opinion of the investigator but largely depends on the site instructions. These were written to cast a wide net to capture all suspected events. For instance, all coronary revascularizations were to be reported and the CEC then determined whether it was urgent or not.
Missing key information is a limiting factor for confirmation of an event, despite a thorough CEC process, 13 and sites were repeatedly queried for completeness. If key information cannot be obtained, disagreements are more likely to occur. A potential limitation of the current results is that for HF events, the end point definitions were mostly focusing on left-sided HF, but investigators were instructed to report all suspected HF events. We did not find any marked differences in concordance based on size of site, but we did identify some significant differences between regions for specific types of events. However, no region stood out as having generally lower or higher concordance. This highlights the importance of selecting sites able to provide reliable and complete high-quality data.
Another interesting end point for comparison is stent thrombosis where there were important discordances, although not statistically significant, between investigator-reported, CEC-adjudicated, and core laboratory evaluations in another study 14 where CEC adjudicated all MI cases and deaths for potential stent thrombosis. However, we do not have thiese comparative data in the STABILITY trial, as investigators were not mandated to report stent thrombosis and angiography data were not systematically collected.
An important finding in the current analyses was the consistency in treatment effect estimates, whether based on investigator-reported or CEC-adjudicated primary outcome events in the trial. The CIs for the 2 groups clearly overlapped. However, there were, as described above, inconsistencies on separate events and a variability depending on type of event. Similar comparisons have been done previously but mostly in the fields of acute 16 This is, to our knowledge, the first comparison in stable CHD. As would be expected in a randomized double-blind clinical trial, there were no significant differences in concordance of events between randomized treatment groups in the proportion of investigator-reported events that were reported as the same event by the CEC.
The main purpose of the CEC process is to achieve high-quality results with low variability using a consistent and standardized adjudication process and with predefined end point definitions. Large pharmaceutical companies and Food and Drug Administration usually require end point adjudication, especially for phase 3 studies, but also other where an expanded indication might be targeted. In contrast, for phase 4 studies, other ways of end point follow-up might be suggested. In future CV studies, it would be of importance to increase efforts to collect more specific information on event categories with low concordance, such as HF, UA, and stroke, but also to improve the end point definitions by keeping the amount of subjective information as low as possible. Eventually, registry-based data, if available, for events such as death and MI, where concordance is highest and variability is acceptable, 17 could be of interest. It would also be of importance to collect the opinion of the investigator as to what the event was when comparing results with CEC. If studies are run by cardiologists, suggestions have been proposed that CEC would not be required. 18 Artificial intelligence has also been suggested to be evaluated as a mean to adjudicate events using electronic health record data.
Limitations
We did not systematically assess variability between reviewers. However, the regular general QC reports in the study of 5% of all adjudicated events did not indicate any change over time in disagreement rates, neither in major nor minor disagreements. The disagreement rate remained stable throughout the trial follow-up, indicating that there was no drift over time.
In summary, the primary outcome results (composite of CV death, MI, and stroke) in the STABILITY trial were consistent when comparing investigator-reported and CEC-adjudicated events. High concordance was found for death and MI, but with a significant variability depending on type of event, with lowest concordance observed for UA and for HF events.
